guished in the same tissue sections: surface mucous cells were positive for PAS reaction and/or alcian blue staining, neutral mucin-containing mucous neck cells were stained with hematoxylin, and acidic mucin-containing mucous neck cells were stained with alcian blue. This alcian blue-PAS-hematoxylin staining sequence represents a useful differential staining method for mucins in the gastric mucosa.
We previously reported a new method using modified Mayer's hemalum for demonstrating mucous neck cells in the fundic glands (1985) . In this method, hematoxylinpositive mucins were weakly periodic acidSchiff (PAS)-positive, and they were thought to be neutral mucins because there were no acidic mucins that reacted with alcian blue. The previously reported method does not stain alcian blue-positive and PAS strongpositive mucins. In combination with alcian blue pre-staining and PAS reaction, our present method can be used to characterize gastric mucins as PAS strong-positive (in the surface mucous cells), hematoxylinpositive (in the mucous neck cells) and alcian blue-positive (in the mucous neck cells).
Materials and Methods
Stomachs of normal adult rats were fixed in 10% formalin containing 2% calcium acetate and 5 Am-thick paraffin sections were prepared. Steps 2-9 above are omitted in single staining with hematoxylin (pH 6); steps 4-9 are omitted in double staining with the alcian blue and hematoxylin (pH 6).
Chemical modification
Mild alkaline hydrolysis (Ono et al., 1983) , which eliminates the 0-glycosidic bonds of mucin type glycoproteins, were performed before staining with hematoxylin.
Results
After pre-staining with alcian blue and PAS reaction, mucins of the mucous neck cells were weakly PAS positive. They were discolored by reduction (step 8) and stained violet by hematoxylin after PAS reaction. Strongly PAS-positive sites in the surface mucous cells were not discolored when step 8 was applied. Mucins in the surface mucous cells were positive for PAS reaction and/or alcian blue; their colors were dark purple to dark redish purple (Fig. 1) . Careful, inspection of the mucous neck cells revealed two different types of cell. One type, containing neutral mucin, was stained violet with hematoxylin, the other, containing acidic mucin, was stained blue with alcian blue (Fig. 2) . Near the cardiac glands, alcian blue-positive mucous neck cells were observed above a layer of hematoxylinpositive mucous neck cells (Fig. 3) .
Staining of the mucous neck cells was eliminated by prior mild alkaline hydrolysis.
Technical Comments on Staining
Preparation of staining solution
The staining solution, adjusted to pH 6 with saturated aqueous lithium carbonate, must each time be prepared immediately before staining with hematoxylin. The stock solution is stable for at least 6 months at room temperature. The pH value of the staining solution may range between pH 6 and pH 7.
Fixative
The best results were obtained with sections fixed with 10% formalin containing 2% calcium acetate. We also tested sections fixed with Bouin's fluid and Carnoy's fluid. Carnoy's fluid was not suitable as a fixative because it resulted in overstaining. Fixation in Bouin's fluid also produced inferior results.
Staining procedures
The reduction time must be carefully timed since weakly PAS-positive sites will be totally discolored if the reduction time with 0.2% NaBH4 in 1% Na2 HPO4 is too long. Staining with hematoxylin becomes less vivid if the reduction time is too short due to inhibition of hematoxylin staining by periodic acid.
Discussion
The most superficial surface epithelium of the rat stomach contains PAS-positive neutral mucin. On the other hand, the surface epithelial cells of the foveola contain acidic mucins (sialomucin and sulfomucin) which are stained with alcian blue or high iron diamine (Spicer et al., 1978, Suganuma and Murata, 1981). The mucous neck cells were PAS-positive, but less so than the surface mucous cells (Wattel et al., 1977) . The hematoxylin-positive mucous neck cells are weakly PAS-positive. Mucous neck cells are more sensitive to the reduction time in 0.2% NaBH4 in 1% Na2HPO4 (Step 8) than are surface mucous cells, as is evidenced by the easy discoloration of the PAS reaction in the former cells.
Regarding the acidic mucins in mucous neck cells, Suganuma and Murata (1981) reported that the acidic mucin was sialomucin. Sheahan and Jervis (1976) showed that the mucous neck cells located in the upper neck region contained sulfomucin while those in the lower neck region contained sialomucin. On the other hand, Wattel et al. (1977) reported that most of the mucous neck cells in the upper neck region were PAS -positive and only occasionally contained acidic mucins. This indicates that there is some disagreement regarding content of acidic mucin in the mucous neck cells. In our study we observed two types of mucous neck cells. These were hematoxylinpositive cells without acidic mucin and alcian blue (pH2.5) positive cells with acidic mucin. The distribution of mucous neck cells depends on their location in the stomach, therefore, the inconsistency among reported results may be related to the anatomical location in the stomach of the examined specimen.
We previously reported that the hematoxylin staining of mucous neck cells is inhibited by treatment with bromine water or by adding urea (1985) , suggesting that the hydrogen bond between hematoxylin and the OH groups of carbohydrate plays a role. Furthermore, since hematoxylin staining was inhibited by mild alkaline hydrolysis, which eliminates the 0-glycosidic bond between N-acetyl-galactosamine (Ga1NAc) and serine or threonine, it is presumed that hematoxylin stains glycoproteins of the mucin type. Further studies are needed to determine whether hematoxylin in directly stains Ga1NAc. We suggest that hematoxylin staining is closely related to glycosidic residues of glycoproteins. Alcian blue-PAS-Hematoxylin stain. Mucous neck cells containing neutral mucin are stained violet with hematoxylin, while those containing acidic mucin are stained blue with alcian blue. X 80. 
